Coralloid-type speleothems were recorded on the ceiling of the Ana Heva lava tube in 16
Coralloid speleothems were preliminarily examined under stereomicroscopy 121 (OLYMPUS SZ51) in order to determine their color, morphology, texture and structure. 122
Different mineral phases were hand-picked according to textural homogeneity and color 123 for further mineralogical and geochemical analyses. 124
Electron microscopy was then used to obtain an accurate assessment of the crystal 125 morphology, surface topography, chemical microanalysis and detection of microbial 126 communities associated with coralloid speleothems. Bulk coralloid fragments, directly 127 mounted on a sample stub and sputter coated with a thin gold/palladium film, were 128 examined on a Jeol JSM-7001F field emission scanning electron microscopy (FESEM), 129 equipped with an Oxford X-ray energy dispersive spectroscopy (EDS) detector. FESEM 130 examinations were operated in secondary electron (SE) detection mode at the Instituto 131
Superior Técnico -Technical University of Lisbon (IST-UTL), Portugal. 132
Subsequently, the mineralogical composition of the bulk coralloid samples and 133 hand-picked materials were determined by X-ray diffraction (XRD) and Fourier 134 transform infrared spectroscopy (FTIR). 135 Powdered samples were analyzed by XRD using a XPERT-PRO (PANalytical) 136 diffractometer with CuKα radiation and a X´Celerator detector. The measurement 137 conditions were: 40 kV, 35 mA, 0.002 º2θ step size and 20 s of counting time. The 138 "High Score Plus" analytical software and PDF2 database were used. 139
Since FTIR spectroscopy is sensitive to both crystalline materials with long-range 140 order and amorphous materials with short-range order, as well as to organic components 141 of a heterogeneous system, FTIR analysis was performed to get additional 142 compositional information of the coralloid-type speleothems (bulk samples and hand-143 picked materials). Powdered samples were dispersed in KBr pellets and analyzed on a 144
Perkin Elmer Spectrum 65 spectrometer in transmittance mode, with 4cm -1 resolution. 145 IR spectra were recorded in the 4000 cm -1 to 400 cm -1 region. All these mineralogical 146 analyses were performed at the IST-UTL. 147
For geochemical analysis, bulk samples were analyzed by wavelength dispersive X-148 ray fluorescence (XRF) using a BRUKER S4 Pioneer instrument, available at the 149 Technical Services Area of the University of Almeria (Spain). 150
In order to expeditiously assess the presence of organic matter, one bulk coralloid 151 sample was treated with hydrogen peroxide (H 2 O 2, 30% in volume). This is a common 152 method of removing organic matter from geologic samples (Starkey et al. 1984 
RESULTS

163
Speleothem characteristics and composition 164
Under stereomicroscopy, the coralloid speleothems from the Ana Heva lava tube 165 were branched and irregular in shape, having rough external surfaces and were light to 166 dark gray in color ( Fig. 2A) . Each coralloid branch ranged from less than 2 mm to about 167 5 mm in diameter, and from 5 mm to approximately 20 mm in length. As shown in 168 Figure 2A , a dark coating covered the surface of the speleothem samples. In addition, 169 small white deposits were often visible on their surface (Fig. 2B ). Some branches 170 appeared broken revealing the yellowish to brownish color of the inner part of the 171 speleothems (Fig. 2B ). The inner part was largely composed of a compact 172 heterogeneous material ranging from light yellow to honey brown, with vitreous to 173 resinous luster and relatively low hardness (Fig. 2C) . Hence, both the outer gray and the 174 yellowish inner parts of the coralloid speleothems were hand-picked for further 175 mineralogical analyzes. 176 FESEM-EDS analyses were performed on bulk coralloid samples showing broken 177 branches, revealing that: i) the external gray colored surface had botryoidal structures 178 composed almost entirely of Si and O (Fig. 3A) ; ii) the yellowish inner part of the 179 coralloids had rough spongy texture rich in O, Si and Mg, with some C (Fig. 3B) . 180
The XRF analysis of bulk samples confirmed that the chemical composition of the 181 coralloid speleothems consisted essentially of SiO 2 (89 % wt) and MgO (6% wt), but 182 some CaO (1.6% wt) and Al 2 O 3 (1.25 % wt) were also present. In addition, several 183 minor elements were detected in very small amounts, including Na, P, Cl, K, Ti, Mn and 184
Fe (Table 1) . 185
Mineralogical analyses were performed by XRD and FTIR for each hand-picked 186 colored part of the coralloid speleothem samples. In general, XRD patterns showed very 187 broad bands indicating low crystallinity of the mineral components of the coralloid 188 stalactites (Fig. 4) . The X-ray diffractogram of the outer gray part ( The IR spectrum of the yellowish inner part confirmed the MgO content of the opal 213 coralloid-type speleothems analyzed in this study. A definite peak at about 667 cm -1 is 214 shown in Figure 5B , representing Mg-OH vibrations (Webb and Finlayson 1987) . 215
Moreover, the band at 3687 cm -1 (Fig. 5B) Regarding the assessment of organic matter on the coralloid speleothems, bubbling 223 was continuously observed during prolonged H 2 O 2 etching. It was also observed that the 224 dark coating on the outer part of the speleothem depicted a lighter gray color and the 225 inner part showed a pale yellow color after the H 2 O 2 treatment (Fig. 2D) . The organic 226 carbon of the inner-yellowish part of the speleothems was 0.9% of total dry weight. 227
Geomicrobiological interactions 228
Morphological inspections of the surface of the coralloid-type speleothems by 229 FESEM revealed dense microbial mats with a wide range of microbial morphologies 230 (Fig. 6 ). Coccoid and bacillary cells embedded in extracellular polymeric substances 231 (EPS) forming biofilms on the surface of the coralloid speleothems were most 232 frequently observed (Fig. 6A,B) . Masses of spores (≈ 1 µm diameter) with extensive 233 echinulate ornamentation were also detected (Fig. 6B) . Biosignatures exhibiting the 234 shape of an ornate spore surface were preserved on the silicate mineral substratum 235 forming a characteristic pattern (Fig. 6C ). In addition, spheroids (>1 µm in diameter) 236 incrusted within the mineral substratum were also observed (Fig. 6D) . 237
FESEM examinations also revealed a variety of filamentous morphologies on the 238
surface of the coralloid samples (Fig. 7) : i) smooth thin filaments (<1 µm diameter) 239 embedded in EPS (Fig. 7A) ; ii) dense networks of very thin interwoven filaments (Fig.  240 7B), and iii) mineralized tubular sheaths of different sizes and textures, rich in Si (Fig.  241   7C,D) . Most of these mineralized filaments were partially broken or destroyed. Upon 242 these filaments, fine-grained silica precipitates were deposited. Well-formed opal-A 243 microspheres (< 0.5 µm in diameter) forming botryoidal clusters on the microbial mats 244 and EPS secreted by microbial filaments were commonly observed (Fig. 7E,F) . Among 245 the filamentous morphologies observed in the whole mount samples, abundant 246 reticulated filaments distributed throughout the samples surface with approximately 100 247 µm long and 0.5 µm in diameter were observed (Fig. 8) . They featured filament walls 248 with a fine geometry, forming square-or diamond-shaped chambers and resembling an 249 open mesh (Fig. 8B,C) . Sometimes, remains of these filaments appeared without 3-250 dimensional form resulting presumably from the decay of these filamentous sheaths 251 (Fig. 7F) . Interaction of the reticulated filaments with the silicate substratum was also 252 observed in Figures 7F and 8D . Opal-A microspheres precipitation on EPS was noticed 253
in Figure 8D . 254
Moreover, extensively etched mineral grains such as calcite and Mg-silicate 255 minerals were found associated with the microbial morphologies on the coralloid-type 256 speleothems from the Ana Heva lava tube (Figs. 6C, 6D and 7C) . 257
DISCUSSION 258
The coralloid-type speleothems found within the Ana Heva lava tube in Easter 259
Island (Chile) were of siliceous composition. They were essentially composed of SiO 2 260 (89.1%), with a relatively high content of MgO (6.1%), and depleted in CaO (1.6%), 261 the composition of the coralloids, the inner part is more magnesian and the outer part is 289 almost exclusively siliceous, which is consistent with a decrease in the element release 290 rate. This fact is evidenced by the presence of recent opal-A gray layers, directly 291 deposited on the ceiling of the lava tube by recent hyposaline water (Fig. 1C) . 292
Concerning the occurrence of Al in the bulk coralloid samples determined by XRF, 293 it is probably due to the smectite minerals also identified in the inner yellowish part, 
